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1. (currently amended) A surface emitting laser, comprising: 

an active region, comprising a plurality of quantum wells, formed between first and 
second miirors, wherein ttie gain of each of said quantum wells or groupo of quantum w e lls is 
optimized to operate quasi-independently at different temperatures such that stimulated 
emission is dominated by a different quantum well or group of quantum wolls at different 
temperatures. 

2. (currently amended) The surface emitting laser of claim 1 wherein thickness of said 
quantum wells varies £rom well to well or botwoon groupo of wella so that transition energy 
and therefore gain peak wavelength varies from well to well or between groups of wells. 

3. (currently amended) The surface emitting laser of claim 1 wherein material 
composition of said quantum wells varies firotn well to well orbotwocsn groupo of woUo to 
provide varying conduction and valence band offsets between the quantum wells and 
associated barrier layers. 



4. (currently amended) The surface emitting laser of claim I wherein said active region 
further comprises a barrier layer sandwiched between each of said quantum wells^ wherein 
thickness of said barrier layers varies from barrier to barrier or botweon groupo of barrioro so 
that transition energy and therefore gain peak wavelength varies from well to well or between 
groupo of wella , 

5. (currently amended) The surface emitting laser of claim 1 wherein said active region 
further comprises a barrier layer sandwiched between each of said quantum wells, wherein 
material composition of said barrier layers varies from barrier to barrier or b e tw ee n groups of 
barrioro so that transition energy and therefore gain peak wavelength varies from well to well 
or b e t^^ecn groupo of wollr .. 
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6. (currently amended) The surface emitting laser of claim 1 wherein material 
composition of claim quantum wells varies fix)m well to well or betw ee n group s of w e lls to 
induce varying levels of strain from quantum well to quantum well or b e tween groups of 
quantum wells to provide varying conduction and valence band oiTscts between the quantum 
wells and associated barrier layers. 

7. (original) The surface emitting laser of claim 1 wherein said quantiun wells are 
gain matched such that the fraction of carriers contributing to stimulated emission is 
substantially constant over temperature. 

8. (currently amended) The surface emitting laser of claim 7 wherein thickness of said 
quantum wells decreases firom well to well or bot^voon groupa of wella, such that each well w 
group of wells operates at roughly the same internal efficiency r|i at different temperatures. 

9. (currently amended) The surface emitting laser of claim 7 wherein said active region 
further comprises a barrier layer sandwiched between each of said quantuin wells, wherein 
material composition of said barrier layers varies from barrier layer to barrier layer or botwoon 
groups of barrier lay e rs ^ so that the barrier layer with the greatest band offset provides a 
majority of gain at a high operating temperature and the barrier layer with lowest band offset 
provides majority of gain at a low operating temperature. 

1 0. (currently amended) The surface emitting laser of claim 7 wherein material 
composition of said quantum wells varies from well to well or botwoon groupo of w etb to 
provide varying conduction and valence band offsets between the quantum wells and 
associated barrier )a)^rs such that each well or group of wells operates at rougjbly the same Tii 
and Ti at different operating ternperatures, 

1 1 . (currently amended) The surface emitting laser of claim 7 wherein material 
composition of said quantum wells varies from well to well or betw e en groups of weUa to 
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induce varying levels of strain ftem quantum well to quantum well e f ■ between groupo - ef 
quontumwello such that the quantum with the highest strain provides the majority of gain at a 
high operating temperature and the quantum well witti the lowest strain provides the majority 
of gain at a low c^erating temperature. 



12. (original) The surface emitting laser of claim 7 wherein a first group of well 
comprising a first number of wells provides a majority of gain at a high operating temperature 
and a second group of wejls comprising a second number of wells provides a majority of gain ' 
at a low operating temperature and wherein the first mmiber of wells is greater than the second 
number of wells. 

13. (currently amended) The surface emitting laser of claim 7 wherein an <:^tica1 
confinement factor varies from well to well or botwoon groupo of wells l e v e ls such that the 
quantum well having the largest optical confinement factor provides a majority of gain at a 
high operating temperature and the quantum well having the smallest optical confinement 
factor provides a majority of gain at a low operating temperature. 

14. (original) The surface emitting laser of claim 7 wherein said laser further 
comprises an anode for injecting holes into said active region and wherein tlie quantum well 
that supplies a majority of gain at a high operating temperature is closest to said anode and 
wherein the quantum well that supplies a majority of gain at a low operating temperature is 
further from said anode. 



1 5. (currently amended) The surface emitting laser of claim 7 wherein a level of non- 
radiative recombination centers varies from well to well or bofr i voon groupo of wollo , and 
wherein the quantum well with the least number of non-radiative recombination centers 
provides a majority of gain at a hi^ operating temperature and the quantum well with the 
most non-radiative recombination centers provide a majority of gain at a low opemting 
temperature. 
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1 6, (currently amended) A method for foiming a tompomtur e ing e ngitivo ourfaoo omitting 
tesef an extended temperature ranee vertical cafvity surface emitting laser fVCSELl 
comprising the steps of: 

fomiin g a first mirron 

forming an active region on a said first mirror, 

said active region being configured to provide a substantially constant 
stimulated emission at a cavity wavelength X over an extended temperature range without 
external temperature cotooensation. 

wherein said sten of forming said active region comprises forming a plurality 
of gain separated quantum wells that operate quasi-independently over temperature to provide 
a dominant portion of said stimulated emission at said cavity wavelength at a predetermined 
temperature range within said extended temperature range and wherein said quantum wells are 
gain matched such that the fraction of carriers that contribute to stimulated emission is 
substantially constant over temperature; and 

forming a second mirror on said active region. 

1 7, (original) The method of claim 1 6 wherein the step of forming a plurality of gain 
separated quantum wells comprises fomning a plurality of quantum wells having varying 
thickness, 

1 8. (currently amended) The method of claim 1 7 wherein the step of forming a plurality 
of quantum wells having varying thickness comprises varying the thictaiess of said quantum 
wells so that each well or group of w e lls dominates operation of the surface emitting laser 
over a predetermined temperature range. 

1 9. (original) The method of claim 1 8 wherein the step of forming a plurality of gain 
matched quantum wells comprises forming a plurality of quantum wells having varying gain 
enhancement ^tor. 
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20. (original) The inethod of claim 1 9 wherein the step of forming a plurality of 
quantum wells having varying gain enhancement fidor comprises varying the gain 
enhancement factor of said quantum wells so that T| is substantially constant over time. 

21 . (new) An extended temperature range long wavelength veitical cavity surface emitting 
laser (VCSEL) comprising: 

a first mirror; 
a second mirroT: 

an active region formed between said first and second mirrors, said active region being 
configured to provide a substantially constant stimulated emission at a cavity wavelength X 
over an extended temperature range, 

said active region comprising 

a plurality of gain separated quantum wells each respectively 
configured to have a predetermined gain peak wavelength offset from said cavity wavelength, 

said plurality of gain separated quantum wells each respectively 
providing a dominant portion of said stimulated emission at said cavity wavelength at a 
predetennined temperature range within said extended temperature range such that said 
VCSEL operates with a substantially constant stimulated emission at said cavity wavelength 
over said extended temperature range. 

22. (new) The VCSEL of claim 21 wherein said quantum wells are gain matched such 
that the fraction of carriers contributing to stimulated emission is substandally constant over 
time. 

23. (new) The VCSEL of claim 21 wherein said plurality of gain separated quantum 
wells includes a plurality of quantum wells at each gain peak wavelength. 

24. (new) The VCSEL of claim 23 wherein a first group of wells comprising a first 
number of wells provides a dominant portion of stimulated emission at a high operating 
temperature, and a second group of wells comprising a second number of wells provides a 
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dominant portion of stimulated emission at a low operating temperature^ and wherein the first 
number of wells is greater than the second number of wells. 

2S. (new) An extended temperature range long wavelength vertical cavi ty surface 
emitting laser (VCSEL) comprising: 

a first mirror, 

a second mirror; 

an active region formed between said first and second mirrors, said active region being 
configured to provide a substantially constant stimulated emission at a cavity wavelength X 
over an extended temperature range, 

said active region comprising 

a first quantum, well configured to have a first gain peak wavelength 
offset from said cavity wavelength, said first gain peak wavelength being a shorter wavelength ^ 
than said cavity wavelength, 

a second quantum well configured to have a second gain peak 



wavelength offset f5pom said cavity wavelength, said second gain peak wavelength being ^ ^ 

shorter than said cavity wavelength and longer than said first gain peak wavelength, 

said first and second quantum wells each respectively providing a 
dominant portion of said stimulated emission at said cavity wavelength at a predetermined 
temperature range within said extended temperature range such diat said VCSEL operates 
with a substantially constant stimulated emission at said cavity wavelength over said extended 
temp^^ture range. 



26. (new) The VCSEL of claim 25 wherein said quantum wells are gain matched such 
that the fraction of carriers contributing to stimulated emission is substantially constant over 
time. 

27, (new) The VCSEL of claim 25 wherein said plurality of gain scpamted quantum 
wells includes a plurality of quantum wells at each gain peak wavelength. 
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28 . (new) The VCSEL of claim 27 wherein a first group of wells comprising a first 
number of welb provides a dominant portion of stimulated emission at a high operati ng 
k ^ . . temperature, and a second group of wells conipTisttig a second number of wells provides a 

^ ^)C^ dominant portion of stimulated emission at a low operating temperature, and wherein the first 
0 number of wells is greater than the second number of wells. 
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